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Strengths and limitations of this study
 ► The psychometric properties of performance out-
come measures for neck pain were synthesised and 
critically appraised.
 ► This study assessed the risk of bias and the quality 
of measurements properties.
 ► The feasibility or usability of these tools was not 
assessed.
AbStrACt
Objectives The purpose of this systematic review is to 
identify and synthesise studies evaluating performance- 
based functional outcome measures designed to evaluate 
the functional abilities of patients with neck pain.
Design Systematic review.
Data sources A literature search using PubMed, 
Scopus, CINAHL, EMBASE, COCHRANE, Google Scholar 
and a citation mapping strategy was conducted until July 
2019.
Eligibility criteria More than half of the study’s patient 
population had neck pain or a musculoskeletal neck 
disorder and completed a functional- based test. Clinimetric 
properties of at least one performance- based functional 
tests were reported. Both traumatic and non- traumatic 
origins of neck pain were considered.
Data extraction and synthesis Relevant data were 
then extracted from selected articles using an extraction 
guide. Selected articles were appraised using the Quality 
Appraisal for Clinical Measurement Research Reports 
Evaluation Form (QACMRR).
results The search obtained 12 articles which 
reported on four outcome measures (functional capacity 
evaluations (FCE), Baltimore Therapeutic Equipment Work 
Simulator II (BTEWS II), Functional Impairment Test- Hand 
and Neck/Shoulder/Arm (FIT- HaNSA)) and a physiotherapy 
test package, to assess the functional abilities in patients 
with mechanical neck pain. Of the selected papers: 
one reports content validity, five construct validity, four 
reliability, one sensitivity to change and one both reliability 
and construct validity. QACMRR scores ranged from 68% 
to 95%.
Conclusions This review found very good quality 
evidence that the FIT- HaNSA has excellent inter and intra- 
rater reliability and very weak to weak convergent validity. 
Excellent quality evidence of fair test- retest reliability, 
weak convergent validity and very weak known groups 
validity for the BTEWS II test was found. Good to excellent 
quality evidence exists that an FCE battery has poor to 
excellent reliability and very weak to strong validity. Good 
to excellent quality of weak to strong validity and trivial 
to strong effect sizes were found for a physiotherapy test 
package.
Prospero registration number CRD42018112358
IntrODuCtIOn
Neck pain has been associated with high 
disability and is regarded as a substantial 
societal burden.1 Approximately 70% of 
people experience neck pain within their 
lifetime and about 33% of adults experience 
neck pain every year.2 3 Further concern is 
warranted as it has been suggested that the 
incidence of neck pain is increasing.4–6 The 
economic burden due to neck disorders is 
high, including lost wages, costs of treatment 
and compensation expenditures to injured 
people.7 8 Neck pain is second only to low 
back pain in annual workers’ compensation 
costs in the USA and has been associated with 
many other comorbidities such as headaches, 
anxiety, depression, back pain and arthral-
gias.6 9 10
Outcome measures are a crucial compo-
nent in monitoring patients with neck pain 
to determine the effects of treatment,11 12 
evaluation of interventions, guiding return to 
work and justifying treatment.13 14 Several self- 
reported outcome measures currently exist to 
assess disability and function in those with neck 
pain (eg, the Neck Disability Index- NDI).13 
Evidence- based clinical practice guidelines 
suggest that measures assessing physical 
performance should also be used for people 
with neck pain.15 Performance- based testing 
is where the assessment is based on actual 
performance of a task or activity. Physical 
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Figure 1 Selection of the studies for inclusion in the 
systematic review.
performance can be assessed by testing a person’s ability to 
execute a standardised activity in a standardised environ-
ment (ie, clinical setting).16 Time to complete the activity, 
number of repetitions performed and weight lifted are 
frequently used to quantify the physical performance.17 
Conversely, self- report measures examine patients’ 
perception and experience of their ability to perform 
functional tasks.16 Previous research has demonstrated 
poor to fair relationships between physical performance 
and self- report measures of ability in patients with various 
musculoskeletal disorders suggesting that these measures 
assess different constructs of function.17 18 Consequently, 
physical performance tests and self- report measures 
complement each other and may each contribute unique 
information about a patient’s function.19
A fundamental component of monitoring outcomes is 
having reliable and valid tools with known measurement 
properties.13 20 While recent research has investigated the 
psychometric properties of patient- reported outcomes in 
people with neck pain,13 21 there is a gap in knowledge 
with respect to performance- based functional outcomes. 
The purpose of this systematic review was to identify and 
synthesise clinical measurement studies that evaluate 
measurement properties of performance- based func-
tional tests in patients with neck disorders.
MEtHODS
Patient and public involvement
There was no patient or public involvement in the design 
or planning of this study.
Study design and protocol registration
We conducted a systematic review to evaluate the psycho-
metric properties of performance- based functional tests 
for people with mechanical neck disorders. The protocol 
was registered in PROSPERO register with registration 
number CRD42018112358.
Search strategy
A database search using CINAHL, PubMed, Scopus 
and Google Scholar was performed to identify articles 
published until July 2019. The following search strategy 
was used to search all databases for eligible studies: 
(Reliability OR validity OR responsiveness OR calibra-
tion OR validation) OR (minimal detectable change) 
OR (clinically important difference) OR (psychometric 
properties) AND cervical OR neck OR c- spine AND 
(performance measure) OR (functional test) OR (func-
tional outcome) OR (performance outcome). MeSH 
terms were searched in PubMed. A citation map of arti-
cles and systematic reviews selected for the full- text review 
was performed. This strategy was included to minimise 
the risk of publication bias. The full search strategy is 
summarised in online supplementary appendix 1. The 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses (PRISMA) process22 was followed to ensure 
all appropriate steps were taken in the selection process 
(figure 1).
Inclusion criteria
Articles were included in the final review if all of the 
following criteria were met:
 ► >50% of the study’s patient population had neck pain 
or a musculoskeletal neck disorder (eg, whiplash asso-
ciated disorder (WAD II))
 ► Patients in the study completed a functional- based test
 ► Clinometric properties of at least one performance- 
based test were reported.
A test was considered functional- based if it met the 
following criteria:
 ► Assessment of a patient’s ability to execute a standard-
ised activity in a standardised environment
 ► Tests assessing muscular endurance (eg, cervical 
flexion test) or proprioception were not deemed 
functional- based as they are often not reflective of 
physical working conditions.
Both traumatic and non- traumatic origins of neck pain 
were considered. Definitions for the properties can be 
found in online supplementary appendix A.
Article selection
Titles and abstracts generated by the search strategy were 
screened by two authors (SM and PB) independently. 
Articles that met the inclusion criteria and selected for 
a full- text review were also reviewed in pairs of authors. 
Disagreements were resolved by the most experienced 
author (JCM)
Data extraction
Data extraction and critical appraisal were performed 
in pairs of two raters among the authors, after the 
 on M









pen: first published as 10.1136/bm






3McGee S, et al. BMJ Open 2019;9:e031242. doi:10.1136/bmjopen-2019-031242
Open access
completion of a calibration session in which the most 
experienced author (JM) reviewed the data extraction 
tools with the authors that performed the data extraction. 
When reviewers disagreed during data extraction and/
or critical appraisal, and consensus could not be met, 
a third author arbitrated. A data extraction form23 (see 
online supplementary appendix A and B), developed 
by one of the authors (JM), was used to ensure systema-
ticity. Authors extracted sample size, patient population 
characteristics, functional tests performed and reported 
psychometric properties. The interpretation of ICC was 
as follows: ICC<0.50 indicating poor, 0.50≤ICC<0.75 
indicating moderate, 0.75<ICC<0.9 indicating good and 
ICC>0.9 indicating excellent reliability were used as a 
common benchmark.24 For validity estimates, correla-
tion coefficient (Pearson’s/Spearman) and the 95% CI 
were extracted if were available.23 25 Evan’s guidelines to 
interpret the strength of the correlation was used which 
included: 0.00–0.19 ‘very weak’, 0.20–0.39 ‘weak’, 0.40–
0.59 ‘moderate’, 0.60–0.79 ‘strong’ and 0.80–1.00 ‘very 
strong’.26 To assist clinical decision making, standard 
benchmark scores of trivial (<0.20), small (≥0.20 to<0.50), 
moderate (≥0.50 to<0.80) or large (≥0.80), as proposed 
by Cohen, were used.27 For studies assessing construct 
validity specifically, results in accordance with predefined 
hypotheses were evaluated to interpret the findings.
Quality appraisal for clinical measurement research reports 
evaluation form
Pairs of authors critically appraised the quality of each 
study using a standardised 12- item evaluation tool 
(QACMRR) designed to assess the quality of studies deter-
mining measurement properties in outcome measures 
(see online supplementary appendix C). If disagreement 
was present, a third person (JM) assisted in resolving the 
discrepancy.23 This tool has been found to have moderate 
to excellent preconsensus inter- rater reliability (ICC: 
0.69–0.91, κ=0.62–1.00) across a number of systematic 
reviews.23 25 28 The evaluation criteria of this tool included 
12 items: (1) thorough literature review to define the 
research question; (2) specific inclusion/exclusion 
criteria; (3) specific hypotheses; (4) appropriate scope of 
psychometric properties; (5) sample size; (6) follow- up; 
(7) the authors referenced specific procedures for 
administration, scoring and interpretation of procedures; 
(8) measurement techniques were standardised; (9) data 
were presented for each hypothesis; (10) appropriate 
statistics- point estimates; (11) appropriate statistical error 
estimates; and (12) valid conclusions and recommenda-
tions.23 25 Each item is scored from 0 to 2 with (score=2) 
is the best; (score=1) is acceptable but suboptimal; 
(score=0) is not done/documented, substantially inade-
quate or inappropriate. An article’s total score, quality, 
was calculated by the sum of scores for each item, divided 
by the numbers of items and multiplied by 100%.23 25 
Overall, the quality summary of appraised articles ranges 
from (0%–30%) poor, (31%–50%) fair, (51%–70%) 
good, (71%–90%) very good and (>90%) excellent.
rESultS
The search strategy resulted in 840 published articles. 
After duplications were removed, 31 articles were deemed 
relevant and were screened at full text. Overall, 12 arti-
cles met our inclusion criteria (figure 1). The excluded 
articles were removed due to inappropriate patient popu-
lations, investigations into self- report measures or tests 
assessing proprioception/muscular endurance rather 
than functional- based measures, or because the articles 
were found to be systematic reviews. The characteristics 
of the included studies and the summary of psychometric 
properties are presented in table 1. The quality assess-
ment is summarised and presented in table 2. Percent 
agreement was calculated for quality scores between the 
two raters and it was 90%.
Participants
Participants in the selected articles had various types of 
neck pain including subacute, chronic and whiplash- 
associated disorder. The mean/median age of the 
samples of each study ranged from 30 to 48 years of age. 
The proportion of women in each article ranged from 
34% to 78% of the study population. Two studies that had 
a mixed sample of subjects with various spinal pain did 
not report the demographics of the neck pain portion 
of their sample. One study did not contain any subjects 
and performed a review of epidemiological literature to 
establish content validity for work- related neck disorders 
(table 1).
Functional-based tests
The 12 articles that were included for review provided 
properties on the following functional based tests: func-
tional capacity evaluations (FCE),29–34 The Baltimore 
Therapeutic Equipment work simulator II (BTEWS II),35 
Functional Impairment Test- Hand and Neck/Shoulder/
Arm (FIT- HaNSA),36 as well as items off of a physiotherapy 
test package including a cervical and lumbar Progressive 
Isoinertial Lifting Evaluation (PILE- C, PILE- L) test37–40 
and 2×20 m with burden walking test (2×20M- WWB).37–40 
Descriptions of all functional- based tests and their rele-
vant subtasks are provided in online supplementary 
appendix D.
Functional capacity evaluations
Six articles reported measurement properties for an 
FCE battery. We identified multiple versions of the FCE 
in the literature with one article reporting properties 
on the Workwell FCE,30 two reporting on the Whip-
lash Associated Disorder (WAD) FCE29 31 and three 
reporting on the neck- FCE.32–34 These test batteries 
include various combinations of muscular strength, 
endurance and functional based tests. The measure-
ment properties of the functional based tests used by 
the FCE are outlined in table 3.
Individuals with subacute to chronic WAD
Trippolini et al (2014)30 evaluated the Workwell FCE test- 
retest reliability, measurement error, convergent validity 
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Table 1 Summary of studies reporting psychometric properties of functional- based tests in neck disorder patients
Study Population
Sample 
size (n) Functional tests
Intervention/test 
interval Quality
Ljungquist et al38 Neck pain (55%), back pain, 
multiple pain sites
53 PILE- C, PILE- L N/A Good (68%)
Ljungquist et al 39 Neck pain (50%), lumbar pain, 
thoracic pain, shoulder pain, 
multiple pain sites
68 PILE- C, PILE- L, 
2×20 m WWB
8 days Very good 
(79%)
Ljungquist et al37 Neck pain, lumbar pain, 
thoracic pain, shoulder pain, 
lower extremity pain, multiple 
pain sites
235 PILE- C, PILE- L, 
2×20 m WWB
N/A Very good 
(82%)
Ljungquist et al40 cervical pain (25%), lumbar 
pain, cervical (25%) and 
lumbar pain, multiple pain 
sites
186 PILE- C, PILE- L, 
2×20 m WWB
6 months Very good 
(79%)
Lomond and Cote35 Chronic neck and shoulder 
pain (100%)
32 BTEWS II 9.5 days Very good 
(88%)
Pierrynowski et al36 Subacute and chronic WAD II 66 FIT- HaNSA 2–7 days Very good 
(88%)
Reesink et al34 N/A N/A Neck- FCE N/A N/A
Reneman et al32 Chronic multifactorial neck 
pain
18 Neck- FCE 2 weeks Good (67%)
Trippolini et al31 Sub acute and chronic WAD 
I and II
32 WAD FCE 7 days Very good 
(75%)
Trippolini et al30 Sub acute and chronic WAD 
I and II
267 Workwell FCE N/A Excellent 
(92%)
Trippolini et al29 Sub acute and chronic WAD 
I and II
314 WAD FCE N/A Very good 
(86%)
Van der Meer et al33 Chronic WAD I and II 40 Neck FCE N/A Very good 
(86%)
CBT, cognitive- behavioural therapy; EXP, experimental; F, female; FCE, functional capacity evaluation; FIT- HaNSA, Functional Impairment 
Test- Hand and Neck/Shoulder/Arm; BTEWS II, Baltimore Therapeutic Equipment work simulator II; M, male; MVA, motor vehicle accident; 
N/A, not applicable; NRPS, Numeric Pain Rating Scale;PILE- C, Progressive Isoinertial Lifting Evaluation- Cervical; PILE- L, Progressive 
Isoinertial Lifting Evaluation; PT, physical therapy; WAD, Whiplash Associated Disorder.
and predictive criterion validity of future work capacity in 
workers diagnosed with WAD I or II. Interclass correlation 
coefficients (ICC) ranged from 0.66 to 0.96 (moderate to 
excellent). Limits of agreement relative to mean perfor-
mance ranged from 21% to 57% for functional based sub- 
tests. Correlations between FCE sub scores and baseline 
work capacity were very weak to weak ranging between 
r=0.06 and r=0.39. FCE sub scores did not predict future 
work capacity at 1, 3, 6 and 12 months.
Trippolini et al (2015)29 assessed the WAD FCE (31) and 
evaluated convergent validity and known- groups validity. 
FCE subscales showed very weak to strong correlations 
(0.15–0.68) with each of: pain, self- reported functional 
ability, self- reported disability, anxiety and depression. 
It was found that the FCE had known- group sex validity 
(males vs females) for 1 of 3 functional subtests (lifting 
waist- overhead) and reported significant performance 
differences between culture groups (German vs non- 
German language groups). To test construct validity, 29 
a priori formulated hypotheses were tested, 4 related to 
gender differences, 20 related associations with other 
constructs, 5 related to cultural differences. In total 23 
out of 29 hypotheses were confirmed (79 %).
Work-related neck disorders
Reesink et al. (2007)34 developed an independent FCE 
for patients with musculoskeletal neck disorders (neck 
FCE). They performed a review of epidemiological 
literature and identified four physical risk factors for 
work- related neck disorders and used that information 
to develop an FCE consisting of eight functional- based 
tests. Content validity was established by following oper-
ational definitions of the risk factors when searching 
the literature and using current literature to provide 
a rationale to guide their development of the tasks 
comprising the FCE.
Chronic neck pain
Reneman et al. (2017)32 measured test- retest reli-
ability of the subscales of the neck FCE in patients with 
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Table 2 Quality of studies on psychometric properties of functional- based tests evaluated in neck disorder patients
Study
Item evaluation criteria
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Total (%)
Trippolini et al30 2 2 2 2 1 2 2 2 2 2 1 2 92%
Lomond and Cote35 2 2 1 2 0 2 2 2 2 2 2 2 88%
Pierrynowski et al36 2 2 1 2 0 2 2 2 2 2 2 2 88%
Trippolini et al29 2 2 2 0 1 N/A 2 2 2 2 2 2 86%
Van der Meer et al33 2 1 2 1 2 N/A 2 1 2 2 1 2 86%
Ljungquist et al37 KGV† 2 2 2 0 0 N/A 2 2 2 2 2 2 82%
Ljungquist et al38 Rel§ 2 1 1 2 0 2 2 2 2 2 1 2 79%
Ljungquist et al40 STC‡ 1 1 1 2 1 1 2 2 2 2 2 2 79%
Trippolini et al31 2 2 1 1 0 0 2 2 2 2 2 2 75%
Ljungquist et al39 KGV† 2 1 1 2 0 N/A 2 1 2 1 1 2 68%
Reneman et al32 1 2 1 1 1 0 1 2 2 2 2 1 67%
Reesink34* – – – – – – – – – – – – N/A
12- item evaluation tool (QACMRR) designed to assess the quality of studies determining measurement properties in outcome measures. 
Questions 1–12 in the tool evaluate aspects of study question, study design, measurements, analyses, and study recommendations.
*Paper is not applicable for completion of study quality tool
†KGV, known- groups validity
‡STC, sensitivity- to- change
§Rel, reliability
KGV, known- groups validity; rel, reliability; STC, sensitivity- to- change.
Table 3 Psychometric properties of the functional capacity evaluation
FCE battery Type of properties Statistical test Value Interpretation
Neck FCE Test- retest ICC 0.39–0.96 Poor- excellent
  Measurement Error Ratio of LoA 32.0%–56.5%   
  Convergent Validity Pearson or Spearman correlation NDI total: 0.39–0.62
NDI items: 0.03–0.63
Weak to moderate very 
weak to strong
WAD FCE Test- retest Reliability ICC 0.66–0.96 moderate- excellent









  Discriminative Validity 
(German vs Non- German)
Linear Regression Analysis p<0.001 Significant for All Tasks
  Discriminative Validity (sex) t- test p<0.001 Significant for Two 
Tasks
Workwell FCE Convergent Validity Pearson or Spearman Correlation Work Capacity: 0.1–0.3 Very Weak – weak
  Predictive Validity Pearson or Spearman Correlation






Very weak - Weak
Not Significant
*Pain measured via Numeric Rating Scale.
FCE, Functional Capacity Evaluation; HADS- A, Hospital Anxiety and Depression Scale – Anxiety; HADS- D, Hospital Anxiety and 
Depression Scale – Depression; ICC, Intraclass correlation coefficient; LoA, Limits of Agreement; Mod, Moderate; NDI, Neck Disability 
Index; Neg, Negligible; SFS, Spinal Function Sort; Sig, Significant.
multifactorial neck pain. Test- retest ICC’s ranged from 
poor to excellent (0.39–0.96). Limits of agreement rela-
tive to mean performance range from 32.0% to 56.5% 
for functional based sub tests. Convergent validity was 
performed against the Neck Disability Index (NDI) items 
and total score.33 The authors found weak to strong 
Pearson correlations (0.39–0.70) for the FCE sub scores 
to both NDI individual items and the NDI total score.
 on M









pen: first published as 10.1136/bm






6 McGee S, et al. BMJ Open 2019;9:e031242. doi:10.1136/bmjopen-2019-031242
Open access 
Table 4 Summary of Fit- HaNSA’s psychometric properties in neck disorder patients
Test Type of property Statistical test Value Interpretation
Fit- HaNSA Intra- rater Reliability ICC 0.78 good
Fit- HaNSA Inter- rater Reliability ICC 0.84 good







Fit- HaNSA Convergent Validity Spearman Rank 
Correlation*
<0.4 ->0.75 Weak – Strong
Fit- HaNSA Discriminative WAD II vs 
Control
F- test 62.6,<p,0.001 Significant
Fit- HaNSA Functional Sub- 
tasks
Intra- rater reliability ICC 0.70–0.72 moderate
  Inter- reliability ICC 0.54–0.80 –moderate – good
  Convergent Validity Spearman Rank 
Correlation*
<0.4 ->0.75 Weak - Strong
  Discriminative Validity WAD 
II vs Control
F- test 42.0–53.3, p<0.001 Significant
*Correlations completed with Numeric Pain Rating Scale, Neck Disability Index, Disabilities of Arm, Shoulder, Hand and six cervical range of 
motion tests
Fit- HaNSA, Functional Impairment Test, Hand and Neck/Shoulder/Arm; ICC, Intraclass correlation coefficient; LOA95, 95% Limits of 
Agreement; MDC90, 90% Minimal Detectable Change; Mod, Moderate; SEM, SE of Measurement; WAD, Whiplash Associated Disorder.
Table 5 Psychometric properties of Baltimore Therapeutic Equipment work simulator II–Power Output task
Test Type of property Statistical test Value Interpretation
BTEWS II Test- retest reliability ICC 0.53 moderate
Spearman 0.37 Poor
BTEWS II Measurement Error SEM 30.25   
MDC90 70.59
BTEWS II Convergent Validity Spearman Not Reported Weak
BTEWS II Discriminative Validity (Pain vs 
Control)
Two- way Repeated Measures 
ANOVA
Not Reported Non- significant
*Spearman correlations completed with Numeric Rating Scale, Neck Disability Index and Shoulder Pain and Disability Index.
ANOVA, analysis of variance; ICC, intraclass correlation coefficient; MDC90, 90% minimal detectable change; SEM, SE of measurement.
the btEWS II
Chronic neck pain
Lomond and Côté, (2011)35 reported on the reliability, 
measurement error, minimum detectable change (MDC) 
and validity of the power output (PO) task during the 
BTEWS II test in patients with chronic neck and shoulder 
pain (table 4). Test- retest reliability, measured with 
Spearman Rank correlations and ICC’s was moderate 
and measured at ⍴=0.37 and ICC2,1 = 0.54, respectively. 
The SE of measurement (SEM) and the minimal detect-
able change at 90% confidence (MDC90) for the PO task 
were measured as 30.25 and 70.59, respectively. Weak 
Spearman Rank correlations between the PO task and 
the NDI, Shoulder Pain and Disability Index (SPADI) 
and Numeric Rating Scale (NRS) for pain tests were 
recorded. There were no significant performance differ-
ences between control and pain groups for the PO task.
Functional Impairment test-Hand and neck/Shoulder/Arm
Subacute to chronic WAD
Pierrynowski et al (2016)36 reported on the reliability, 
measurement error, MDC and validity of the Functional 
Impairment Test- Hand and Neck/Shoulder/Arm (Fit- 
HaNSA) test in a sample of people with WAD II following 
motor vehicle collision (MVC) (table 5). Intra- rater reli-
ability ICC’s for patient subtask and total scores were 
moderate to good ranging between 0.70–0.78.36 Inter- 
rater reliability ICC’s for patient subtask and total scores 
were moderate to good and ranged between 0.54 and 
0.84.36 The Bland and Altman plot for the patient group 
showed a 26 s (s) bias in terms of improved performance 
on the second test (possible learning effect). The SD 
of difference was 124 s and 95% Limits of Agreement 
(LoA95) was 248 s.
36 The SEM for people with WAD II was 
reported to be 76 s. The MDC90 was measured as 176 s.
36  on M
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Spearman rank correlations were also calculated 
between the Fit- HANSA, Numeric Pain Rating Scale 
(NPRS), NDI, the disabilities of arm, hand and shoulder 
(DASH) and six cervical range of motion measures. Most 
(59 of 78) of the correlations between performance and 
comparator measures were very weak to weak (r=<0.4).36 
All correlations between total Fit- HaNSA scores and 
subtask scores had good correlations (r=<0.75), except 
for Task 1- Task 3.36 Significant performance differences 
between WAD II and control groups (known group 
validity) were recorded for the total Fit- HaNSA score and 
all three subtask scores.36
Physiotherapy test package subtests
Ljungquist et al published a series of articles37–40 which 
evaluated the clinimetric properties of a physiotherapy 
test package for patients with spinal pain (table 6). This 
package included muscular strength & endurance tests, 
submaximal endurance tests, and three functional tests. 
These functional tests included the PILE- C, PILE- L, and 
2×20M- WWB test. Ljungquist’s series of articles reported 
on convergent validity, known- groups validity, reliability, 
measurement error and sensitivity to change for these 
tests.37–40
Undetermined duration of neck pain
In a 1999 article,39 correlations between the tests of the 
package and pain (CR-10) and perceived exertion (Borg 
RPE) were determined. All correlations were very weak 
to moderate (0.10–0.48) except for moderate to strong 
correlations (0.55–0.65) between the PILE- C test and 
pain intensity and between 2×20M- WWB test and pain 
intensity.
In a 2003 article,37 the PILE- C, PILE- L and 2×20M- WWB 
tests were tested to determine their ability to discriminate 
between known- groups (neck pain vs back pain). Subjects 
with spinal pain completed the CR-10, the University of 
Alabama Pain Behaviour Scale (UAB) and the Borg RPE 
test. Specific cut points were used to distinguish patients 
with high vs low pain intensity, high vs low pain behaviour, 
and high versus low perceived exertion in patients, 
respectively. Participants then completed the test package 
and it was determined if each subtest could discriminate 
between participants with high vs low pain intensity. The 
PILE- C and the 2×20M- WWB tests were hypothesised 
to be more difficult for persons with neck pain and the 
PILE- L was hypothesised to be more difficult for persons 
with back pain. Subjects with neck pain performed worse 
on the PILE- C test compared with those with back pain. 
Subjects with back pain did not perform worse than those 
with neck pain on the PILE- L test and subjects with back 
pain performed worse on the 2×20M- WWB test.
The functional tests were able to discriminate between 
all three subgroups with the exception of the PILE- C 
being unable to discriminate between participants with 
high versus low perceived exertion.
In a paper from 1999,39 the PILE- C, PILE- L and 2×20M- 
WWB tests were found to have significant discriminative 
abilities in distinguishing healthy subjects from patients 
with spinal pain. The sensitivity and specificity for this 
known group discrimination for the PILE- C test, were 
reported to be 0.93 (very strong) and 0.69 (strong), 
respectively. The sensitivity and specificity for the PILE- L 
test were reported to be 0.85 (very strong) and 0.65 
(strong), respectively.
The inter and intra rater reliability were tested on 
participants with spinal pain.38 Limits of agreement were 
used to measure inter rater reliability and repeatability, 
defined as 2x the within- subject SD of each variable. Inter-
rater agreement for two tests was deemed ‘acceptable’, 
while all three functional tests had ‘clinically acceptable’ 
intra- rater reliability.
Sensitivity- to- change was evaluated in the test package 
following 6 months of a physiotherapy intervention. Using 
ROC curves, Wilcoxon sign ranked tests and spearman 
correlation coefficients, only the 2×20m- WWB test and 
the PILE- C (women only) were deemed to be sensitive to 
change.40 Additionally, moderate to large effect sizes were 
found for all test components.
DISCuSSIOn
This study synthesised 12 studies assessing clinometric 
properties of 4 different functional- based assessments. 
Given the limited number of studies, the substantial vari-
ation in the types of tests examined, the methods used 
to assess the clinical measurement properties, and the 
study populations, the current state of knowledge does 
not allow firm conclusions regarding recommendations 
for an optimal functional- based test at this time. Overall, 
the quality ranging from good to excellent (67%–92%,) 
as determined by the QACMRR, for a range of properties 
of the four different assessments in patients with acute 
or chronic neck pain that is musculoskeletal in origin. 
Studies obtaining higher percentages indicate research 
that has been consistent with best practice where studies 
with lower percentages are more likely to be inadequate 
or inappropriate
Functional capacity evaluation
The breadth of a functional- based test is variable and 
defined by the developers. An advantage of the functional 
assessment designed by Reesink et al34 is that they mapped 
the eight subtests to risk factors identified in the litera-
ture for work- related neck disorders. The eight subtests 
consist of: material handling tasks, lifting floor to waist, 
overhead lift test, one- handed and two- handed carrying, 
overhead working, repetitive reaching, overhead lifting, 
and repetitive bending and overhead reaching. Given 
the systematic approach and rationale these authors used 
in developing the FCE and this approach being used in 
previous research,41 we suggest that this test has strong 
content validity.
Six articles address the clinical measurement properties 
of this FCE ranging from good to excellent quality (67%–
92%). There was evidence that the FCE was stable over 
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Table 6 Psychometric properties of performance- based tests included in physiotherapy test package
Test Type of property Statistical test Value Interpretation
PILE- C Inter- rater reliability Mean difference
LoA
 ► 0.24
 ► 2.46 and 1.82




PILE- C Convergent validity Spearman correlation CR-10: 0.55–0.65*
Borg RPE: 0.10–0.48
Moderate - Strong 
very weak - moderate
PILE- C Discriminative: spinal pain vs 
control
Sensitivity and specificity 0.93, 0.69 Strong – Very Strong
PILE- C Discriminative: spinal pain vs 
control
Wilcoxon sign ranked test p=0.008 Significant
PILE- C Discriminative: high vs low 
pain intensity
Mann- Whitney U p=0.003 Significant
PILE- C Discriminative: high vs low 
Pain behaviour
Mann- Whitney U p=0.005 Significant
PILE- C Discriminative: high vs low 
perceived exertion
Mann- Whitney U p=0.154 Non- significant





PILE- L Inter- rater reliability Mean difference
LoA
 ► 0.11
 ► 2.33 and 2.11




PILE- L Convergent validity Spearman correlation CR-10: 0.11–0.45
Borg RPE: 0.10–0.48
very weak – moderate 
very weak – moderate
PILE- L Discriminative: spinal pain vs 
no spinal pain
Sensitivity and specificity 0.85, 0.65 Strong – Very Strong
PILE- L Discriminative: spinal pain vs 
control
Wilcoxon sign ranked test p=0.002 Significant
PILE- L Discriminative: high vs low 
pain intensity
Mann- Whitney U p=0.001 Significant
PILE- L Discriminative: high vs low 
pain behaviour
Mann- Whitney U p<0.001 Significant
PILE- L Discriminative: high vs low 
perceived exertion
Mann- Whitney U p<0.001 Significant














2×20 m WWB Convergent validity Spearman correlation CR-10: 0.55–0.65Borg RPE: 
0.10–0.48
Moderate - Strong 
very weak – moderate
2×20 m WWB Discriminative: spinal pain vs 
control
Wilcoxon sign ranked test p=0.014 Significant
2×20 m WWB Discriminative: high vs low 
pain intensity
Mann Whitney U p<0.001 Significant
2×20 m WWB Discriminative: high vs low 
pain behaviour
Mann Whitney U p<0.001 Significant
Continued
 on M
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Test Type of property Statistical test Value Interpretation
2×20 m WWB Discriminative: high vs low 
perceived exertion
Mann Whitney U p<0.001 Significant






*CR-10: Measurement of pain construct
F, Female; KGV, Known- groups Validity; LoA, Limits of Agreement; M, Male; Mod., Moderate; Neg., Negligible;PILE- C, Progressive Iso- intertial 
Lifting Evaluation – Cervical; PILE- L, Progressive Iso- intertial Lifting Evaluation – Lumbar; RPE, Rating of perceived exertion.
Table 6 Continued
test- retest time of 7–14 days.31 32 These measures demon-
strate longer stability over time compared with self- report 
measures such as the Neck Disability Index (NDI) which 
has demonstrated test- retest reliability within only a short 
period of 0–3 days.28 Whether this longer- term stability 
is a characteristic of functional- based tests or reflects 
differences in study populations in context requires 
further testing. These two studies had relatively lower 
quality scores on the QACMRR (67%–75%) compared 
with other studies in this review putting into question 
test- retest time. Although test- retest reliability has been 
assessed, inter- rater and intra- rater reliability has yet to 
be researched. Unlike self- report measures, we expect 
measurement error due to the evaluator and functional- 
based tests. Thus, future research should explore these 
aspects of reliability.
Convergent validity is often examined in clinical 
measurement studies. We suggest that this may be because 
these comparisons are easily performed by correlating 
different tests rather than providing strong confidence 
in the validity of the measurement. Often convenient 
comparisons are performed rather than those most rele-
vant. Across many domains and measures it has become 
clear that the relationship between self- reported function 
and performance- based function or physical impairment 
is often very weak to moderate. Therefore, the value of 
assessment of these relationships as a form of validation 
has limited value. Several studies of very good to excel-
lent quality have reported on the convergent validity of 
the FCE.29 30 33 The highest quality article determined by 
the QACMRR (92%) found the relationship between the 
FCE and work capacity to be poorly associated with one 
another.30 The same study found that the ability of the 
FCE to predict future work capacity was poor. This may 
be considered a more important comparison since ideally 
functional- based tests would relate to important outcomes 
like return to work. No studies to our knowledge report 
the responsiveness or sensitivity to change of the FCE. 
This is an important gap since the focus of rehabilitation 
is often to remediate limitations in goal impairments or 
work capacity, and assessment of these changes is crit-
ical to clinical decision- making and reporting outcomes. 
Thus, future research should evaluate the responsiveness 
of the FCE to provide insight in the measure’s ability to 
detect change after an intervention.
Functional Impairment test-Hand and neck/Shoulder/Arm
One study of very good quality (88%) assessed the FIT- 
HaNSA, a test consisting of two reaching tasks (waist and 
eye- level) and sustained overhead task performance.36 
Overall, the FIT- HaNSA demonstrated excellent inter- 
rater reliability (0.84) and intra- rater reliability (0.78). 
The specific subtests included within the FIT- HaNSA simi-
larly demonstrate fair to excellent (0.54–0.80) and good 
(0.70–0.72) inter- rater and intra- rater reliability respec-
tively. The FIT- HaNSA also demonstrated a clear ability 
to distinguish between people with WAD two and healthy 
controls. Correlations between the FIT- HaNSA and other 
patient self- report disability and functional outcome 
measures (NPRS, NDI, DASH, CROM and FIT- HaNSA) 
were generally very weak to weak (ρ<0.4), consistent with 
other studies comparing performance and self- report.17 18 
The largest limitation in critically synthesising informa-
tion for this test is that only a single study was found 
that reported the measurement properties for people 
with neck disorders. It should be noted however that it 
has been validated in other MSK disorders.35 41 Although 
others have noted the lag in development of functional- 
based measures in comparison to self- report measures, 
FIT- HaNSA was recommended as a functional- based 
measure for people with shoulder disorders.42 Further 
research is necessary to investigate the responsiveness of 
the FIT- HaNSA.
baltimore therapeutic Equipment work simulator II
Another study of very good quality (88%) assessed the effi-
cacy of the BTEWS II where the participants performed a 
dynamic pushing and pulling task in which power output 
was recorded over a 10 s sample.35 While the convergent 
validity aspect of this paper was assessed as consistent with 
best practice through the critical appraisal process, the 
relationship between the power output on the BTEWS 
and measures of pain and disability (NDI, SPADI, NRS) 
were poorly associated with each other. In addition, the 
power output component was not found to be significantly 
different between people with neck pain and healthy 
controls which suggests it might not be discriminative. 
 on M









pen: first published as 10.1136/bm






10 McGee S, et al. BMJ Open 2019;9:e031242. doi:10.1136/bmjopen-2019-031242
Open access 
Discrimination between patients and healthy controls is 
a low standard for an outcome measure, and tests that 
cannot fulfil this benchmark should be viewed with 
caution. Because of the weak measurement properties 
demonstrated by the power output component of the 
BTEWS II, it does not appear to be a desirable functional- 
based measure to assess function in people with neck 
pain. However, we acknowledge for all of the functional- 
based tests the evidence pool is so shallow that there is 
high potential that future studies might lead to different 
conclusions. Future research should also investigate the 
reliability and responsiveness of the BTEWS II.
Physiotherapy test package subtests
Four studies ranging from good to very good quality 
(68%–82%) assessed relevant items from a physiotherapy 
test package, including a lift from floor- to- waist and a 
waist- to- shoulder task and a two- handed carrying task. 
The properties of these assessment items include weak 
to moderate correlations to pain, perceived exertion, 
and had “fair to good” reliability. The 2×20m- WWB and 
PILE- C tests were found to be sensitive- to- change which 
is valuable information as no other study has assessed this 
property in functional- based measures in patients with 
neck disorders. Thus, this measure may be of value in 
clinical settings when assessing functional capacity before 
and after a treatment intervention. All tests had discrim-
inative ability for detecting participants with spinal pain 
vs healthy controls. Most of the three tests demonstrated 
poor construct validity in that they were poorly related 
to pain and perceived exertion and the results were not 
in accordance with pre- defined hypotheses. Thus, further 
research is necessary to investigate these constructs. Three 
of the four results from the studies assessing the physio-
therapy test package had a mixed sample of patients with 
various pain sites including back pain. While the majority 
of each cohort in these studies had neck pain, careful 
consideration should be taken to apply these tests to a 
neck pain specific population.
Clinical implications
This study confirms that functional- based tests have had 
far less development and evaluation than self- report 
measures. Limitations include the number of tests and 
insufficient body of evidence to make confident recom-
mendations with respect to functional- based testing. It 
is clear that self- report and functional- based measures 
provide different perspectives. Theoretically, functional- 
based tests are important to inform our understanding 
about the mechanisms of intervention and how inter-
ventions increase capacity. Future research may benefit 
by also comparing results from a functional- based 
measure to work capacity to when assessing construct 
validity. Overall more work is required to further estab-
lish the psychometric properties of functional- based tests 
in persons with neck disorders, including sensitivity- to- 
change, responsiveness, and predictive validity.
The FCE evaluated patients with neck pain of varying 
origin including WAD, work- related neck disorders, and 
chronic idiopathic neck pain. The BTEWs II evaluated 
functional capacity in patients with chronic neck pain, 
the FIT- HaNSA evaluated patients with WAD, and the 
physiotherapy test package did not specify the origin of 
musculoskeletal neck pain in their cohort. Thus, specific 
functional- based measures may be more applicable 
depending on the origin of the musculoskeletal neck 
pain being assessed.
The data presented suggest that the FIT- HaNSA has the 
strongest clinometric properties though this is based on 
a single higher quality paper specific to neck disorder.36 
Importantly, normative data have been published,43 it 
has been validated in multiple studies in patients with 
shoulder conditions44–46 and has been recommended 
when compared with other measures.42 The FCE has a 
limited evidence base from which to draw, though it was 
developed with strong content validity and further evalu-
ation may demonstrate its usefulness.
limitations
A challenge in synthesising clinical measurement evidence 
is the wide range of properties and indicators that need 
to be considered. Unlike effectiveness studies where one 
can focus on the effect size of treatment there are many 
considerations that would affect the recommendations 
made about outcome measures. This is further compli-
cated when the pool of evidence is shallow. Although the 
quality assessment tool (QACMRR) developed by one 
of the authors of this review which assess the quality of 
design of individual studies were useful for interpreting 
the evidentiary pool, there is no clear method to synthe-
sise the extracted clinical measurement evidence. While 
some systematic reviews on treatment might only report 
findings from high- quality studies, it is important to see 
how outcome measures perform in different contexts. 
Further, the assessment of quality is complicated given 
that clinical measurement studies have so many dimen-
sions. Therefore, exclusion of lower quality studies has 
questionable value. Thus, a more practical approach is 
to consider quality when interpreting the findings, rather 
than excluding studies.
The QACMRR focuses on whether the authors made 
appropriate decisions in selecting the scope and methods 
of their clinical measurement evaluations within a given 
study and provides descriptors of poor fair or good 
design options. Quality focuses on issues that might affect 
risk of bias or imprecision in estimates; whereas risk of 
bias assessments focusses on items that might result in 
a biassed estimate. For example, insufficient power is a 
precision (quality) issue, not a risk of bias. Although it 
is difficult to interpret the meaning of the percentage 
of the QACMRR as there are no established cut- offs for 
distinguishing good and poor- quality studies, it provides 
one way of ranking the articles in order of quality. We 
did not use COSMIN checklist since it was developed for 
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PROMS and some of the components/steps that involved 
are not applicable to performance- based tests.
Another limitation in this review was that the feasibility 
or usability of these tools was not assessed. While feasi-
bility was not the focus of this review, information on the 
practical application of these functional- based measures 
provides valuable information to clinicians for deter-
mining whether these tests are appropriate to use in their 
given setting. Thus, future research should not only inves-
tigate further the psychometric properties of these tools, 
but also report the feasibility of using these tests so that 
they may be used in clinical settings and to identify limita-
tions that restrict their application in practice.
COnCluSIOn
This review found very good quality evidence that the 
FIT- HaNSA has excellent inter and intra- rater reliability 
and very weak to weak convergent validity. Excellent 
quality evidence of fair test- retest reliability, weak conver-
gent validity, and very weak known groups validity for 
the BTEWS II test was found. Good to excellent quality 
evidence exists that an FCE battery has poor to excellent 
reliability and very weak to strong validity. Good to excel-
lent quality of weak to strong validity and trivial to strong 
effect sizes were found for a physiotherapy test package. 
Functional- based evaluation in people with neck disor-
ders is an area needing much research attention both 
to establish the measurement properties of existing 
measures, potentially to develop innovative new measures 
and to perform head- to- head comparisons of measures 
before an optimal functional- based test can be identified.
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